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INTRODUCTION
Congenital hydrocephalus is a common neuro-
lo gic disorder in dogs deϐined as an increa sed 
cerebrospinal ϐluid volume within the cranial cavity, 
which appears secondary to an excessive production 
or to an absorption deϐicit of cerebrospinal ϐluid 
(Shihab, 2011; Wünschmann, 2001). 
Congenital hydrocephalus is apparent at 
birth (even if in many cases, clinical signs are ϐirst 
noticed at several months of age) and is caused by 
stenosis of the mesencephalic aqueduct associated 
with fusion of the rostral colliculi, genetic factors 
and in utero exposure to infectious agents and te-
ra togenic chemicals (Thomas, 2010).
Clinical signs of congenital hydrocephalus may 
include an enlarged, dome-shaped head with per-
sis tent fontanelles, ventral or ventro-lateral strabis-
mus due to malformation of the orbit and neurologic 
deϐicits including abnormal behavior, cognitive 
dysfunctions, ataxia, circling, blindness, seizures 
and vestibular dysfunction. Neurologic deϐicits may 
progress over time, remain static, or even improve 
after 1 to 2 years of age. Affected patients are often 
fragile and can worsen later in life coincident with 
other diseases or minor head trauma.
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Abstract
Congenital hydrocephalus (CH) is a common neurologic disorder in dogs deϐined as an increased cerebrospinal 
ϐluid volume within the cranial cavity with no any speciϐic causes. The diagnosis of this disease is based on the 
clinical features and imagistic examination (ultrasonography, CT, MRI) of the brain. Electroencephalography (EEG) 
is the best electrodiagnostic test in trying to assess the impact of hydrocephalus on electric activity of the brain. 
The aim of this study is to describe short time EEG changes in dogs with CH.
EEG was performed on 6 dogs with congenital hydrocephalus under general anaesthesia with medetomidine 
hydrochloride 0.05 mg/kg inj. EEGs were obtained via ϐive subdermal stainless steel needle electrodes as described 
by Redding (1978). In EEG recoding the parameters used were: sensitivity = 70μV/cm; time constant = 0.3 seconds; 
Hf = 70 Hz; Lf = 0.5 Hz; notch ϐilter inserted; impedance of all electrodes < 10 kΩ. 
The results of the present study revealed abnormalities in EEG background activity in all dogs. Focal 
abnormalities were seen in 5 patients (slow waves in 2 dogs, spikes and sharp waves in 2 dogs, focal attenuation 
in 2 cases) and generalized abnormal activities in 4 dogs (generalized slow waves in 4 dogs and generalised spikes 
and sharp waves in 1 dog). The percentage of EEG interictal epileptiform discharges (66.67% of dogs had spikes, 
sharp waves, spikes and sharp waves complexes) was greater than seizures clinical seen (33.33% of dogs).
In conclusion, EEG gived us important information about the severity of changes induced by hydrocephalus. 
Furthermore, this test is useful to identify seizures associated with hydrocephalus and allows monitoring the 
therapeutic effects of antiepileptic drugs. 
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The diagnosis of this disease is based on 
the clinical features and imagistic examination 
(ultrasonography, computer tomography, magne-
tic resonance imaging) of the brain. Electroence-
phalography (EEG) is the best electrodiagnostic 
test in trying to assess the impact of hydrocephalus 
on electric activity of the brain (Aminoff, 2003). The 
EEG is a noninvasive investigation, can be reliably 
repeated without limits and with no adverse 
effects (Saukkonen, 1988), allows monitoring and 
the evolution of hydrocephalus in time, and it is 
not cost-prohibitive as CT or MRI.
Until now, EEG pattern in congenital hydro-
cephalus was described in children and there are 
only few studies in dogs. All studies used different 
protocols to record EEG traces: different number 
of electrodes, various anesthetics in different 
doses and different recording time (Pellegrino, 
2004; Brauer, 2012; Pákozdy, 2012)
This study aimed to describe short time EEG 
changes in dogs with congenital hydrocephalus 
after medetomidine sedation. 
MATERIAL AND METHODS
The study was made on 6 dogs that were 
presented to Internal Clinic of Faculty of Veterinary 
Medicine Iasi, which after neurologic and imagistic 
(CT/MRI) examinations were diagnosed with 
congenital hydrocephalus (Table 1, Fig. 1) 
EEGs were performed with Neurofax S de-
vice (MEB 9400K, Nihon Kohden), after general 
anaesthe sia induced with medetomidine hydro-
chlo ride (Domitor, Pϐizer), 0.05 mg/kg inj. i.m. 
All cases were supervised till complete recovery. 
No medetomidine antagonist were administered 
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Tab. 1. Signalments and clinical signs of dogs included in the study
No. Breed Sex Age Weight (kg) Clinical signs
1 Akita Inu Male 8 weeks 2.9
Dome shape head, vocalization, dissymmetry, 
circling, blindness, ventro-lateral strabismus
2 Chihuahua Female 4 years 3 Seizures, ataxia
3 Mixed breed Male 8 weeks 1.5
Dome shape head, ventro-lateral 
strabismus, blindness, circling
4 Boxer Female 3 weeks 1.5 Dome shape head, ventro-lateral strabismus
5 Pug Male 10 weeks 2
Dome shape head, dissymmetry, circling, 
blindness, ventro-lateral strabismus
6 Yorkshire Male 16 weeks 1.2 Seizures, vocalisation
Fig. 1. Two month-old mixed breed dog (case no 3). 
Congenital hydrocephalus. Ventrolateral strabismus.
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phic theta-delta waves are dominant, but they 
are superimposed on a basic rhythm. The mean 
frequency of the basic rhythm is unchanged, or more 
or less reduced), signiϐicantly abnormal (diffuse 
polymorphic delta activity with high amplitude 
and superimposed theta or alpha waves are seen, 
and the absence of the organized basic rhythm). 
Generalized slow-wave activity was considered to 
be present when there were high rhythmic slow 
waves with constant frequency and shape, which 
appeared clearly distinct from the basic activity. 
Focal slow waves were considered to be present 
when there was a localization of polymorphic theta 
or delta waves with constant localized amplitude 
maximum and a steep potential gradient. Focal 
attenuation was considered to be present when a 
reduction of 50% in wave amplitude was observed. 
Focal spikes and sharp waves were considered 
focal paroxysmal discharges of spikes or sharp 
waves with or without slow waves. Generalized 
spike and sharp-wave activity was categorized 
under three different forms: diffusely distributed 
spikes or sharp waves over both hemispheres, 
or only on one hemisphere, hypsarrhythmia and 
hypersynchronous spikes or sharp waves over 
both hemispheres.
RESULTS AND DISCUSSIONS
In all 6 dogs with congenital hydrocephalus 
EEG background activity was abnormal (in 2 dogs 
slightly abnormal, in 3 cases moderately abnormal 
and in one dog signiϐicantly abnormal). Abnormal 
as they increased the risk of seizures.EEGs were 
obtained via ϐive subdermal stainless steel needle 
electrodes (F3, F4, O1, O2 and Cz) as described by 
Redding (1978) with reference electrode placed 
on the bridge of the nose (Fig. 2). The area on 
which the electrodes were placed was trimmed 
and degreased with alcohol and Skin Pure (Nihon 
Kohden). In EEG recoding the parameters used 
were: sensitivity = 70μV/cm; time constant = 
0.3 seconds; Hf = 70 Hz; Lf = 0.5 Hz; notch ϐilter 
inserted; impedance of all electrodes < 10 kΩ. 
Recording sections were visually selected for 
analysis of background activity using Fast Fourier 
Transformation (FFT). Spectral bands were, 8.0-
13.0 Hz for alpha, 13.0-30.0 Hz for beta, 0.5-4.0 
Hz for delta and 4.0-8.0 for theta activity. In order 
to minimize errors through different skull sizes, 
forms and thicknesses, the relative power of the 
spectral bands was calculated for every lead. 
By visual examination of the EEGs it was esta-
blished the EEG pattern (any characteristic EEG 
activity), background activity (the EEG activity 
representing the setting in which a given normal 
or abnormal pattern appears and from which 
such pattern is distinguish-IFSECN, 1974), all 
paroxysmal activities (spikes, sharp wave, spike-
wave complex), as well as possible artefacts. 
Background activity was categorized into four 
groups: age-appropriate normal dominant acti-
vity, mildly abnormal (dominant activity is 
greatly restored; slow activity is increased, but 
subdominant), moderately abnormal (polymor-
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Fig. 2. The electrodes positioned according to Redding pattern (1978): 
F3 - frontal left, F4 –frontal right, Cz-vertex, 
O1 – occipital left, O2 – occipital right, Rf-nose, between the eyes.
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background activity alone was observed in 
one case. For the other ϐive cases the abnormal 
background activity was associated with other 
EEG abnormalities.
Generalized slow waves appeared almost 
entirely with abnormal dominant activity (4 cases) 
and only in one case generalized spikes and sharp 
waves were recorded. Generalized slow wave 
activity was detected in only one hemisphere for 3 
dogs and in 1 dog in both hemispheres. In all cases, 
the posterior brain areas were free of generalized 
slow wave activity (table 2). 
Focal abnormalities were seen in 5 cases: 
slow waves were registered in 2 cases, spikes and 
sharp waves in 2 cases, focal attenuation in 2 cases 
(table 3). 
Spikes and sharp waves activity was observed 
in 4 cases (Fig. 3, Fig. 4). One of these had 
generalized spikes and sharp waves seen on both 
hemispheres and 3 on one hemisphere. One dog 
had hypsarrhythmia, and another dog had both 
generalized and focal spikes and sharp waves. 
Hypersynchronous activity was not observed in 
any of these patients (table 4).
There are two different etiologies for EEG 
abnormalities in hydrocephalic dogs. First, the 
increased intracranial pressure induces dis-
tur ban ces in blood supply - either generally or 
focally. These EEG abnormalities are the ab nor-
mal dominant activity with or without gene-
ra li zed slow-wave paroxysms and focal slow 
waves, respectively. Another etiology for the EEG 
Tab. 2. The prevalence of dominant activity and generalized slow waves and focal slow waves in the 
electroencephalograms of 6 congenital hydrocephalic dogs


















FOCAL SLOW WAVES 2 33.33
Tab. 3. The prevalence of normal/abnormal background activity and others abnormalities in the EEG of 
6 congenital hydrocephalic dogs
No. of dogs Percent (%)
NORMAL EEG 0 0
ABNORMAL DOMINANT ACTIVITY WITH NO OTHERS 
ABNORMALITIES
1 16.67
NORMAL DOMINANT ACTIVITY WITH OTHERS 
ABNORMALITIES
0 0
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abnormalities in hydrocephalus is represented by 
the brain lesions due to chronically raised intra-
cranial pressure. In children with hydrocephalus 
the reported incidence of abnormal EEGs has 
varied from 20% to 98% in different studies 
(Olischar, 2004). In our study, all dogs had 
abnormal EEGs. This difference could be due to the 
fact that in our study EEG was done in dogs with 
moderate and severe form of hydrocephalus. This 
hypothesis is conϐirmed by Saukkonen (1988) who 
said that when intracranial pressure exceeded 15 
cm H
2
O, only 1.9% of hydrocephalic children (2 of 
105) had a normal EEG and 6.67% (7 of 105) had 
only abnormal dominant activity. Furthermore, 
Nagarajan (2011) claimed that it is well-known 
Fig. 3. EEG recording in a Akita Inu dog with congenital hydrocephalus. 
Spikes (thin arrows) and spikes-sharp waves complexes (thick arrows).
Fig. 4. EEG recording in a mixed breed dog with congenital hydrocephalus. 
Spikes (thin arrows) and delta waves (thick arrows).
Tab. 4. The prevalence of different types of spikes and sharp waves in the EEG of 6 congenital hydroce-
phalic dogs
No. of dogs Percentage (%)
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that the EEG in babies and infants with moderate 
to severe hydrocephalus is frequently abnormal.
Generalized abnormalities, abnormal 
dominant activity and generalized slow wave 
activity that were observed in all cases, can be 
interpreted as indicative of brainstem disturbance 
which, according to Saukkonen (1988), is induced 
in hydrocephalic patients by cerebrospinal ϐluid 
ϐlow blockage. 
In 5 cases from this study, hydrocephalus had 
an acute evolution. Okurowska-Zawada (2007) 
clai med that a rapid evolution of hydrocephalus 
may cause substantial brain dysfunctions, which 
take longer to compensate. When the evolution is 
chronic, the adaptive mechanisms allow normal 
functioning of the brain and do not change the 
bioelectrical activity at the disease onset. This 
makes that the changes in EEG recording to 
differ between acute and chronic pathologies 
and to depend on their intensiϐication, duration 
or remission. According to Koślacz-Folga (1990), 
localized EEG changes are most frequently recor-
Fig. 4. EEG recording in a 10 weeks Pug dog with congenital hydrocephalus. 
Spikes and sharp waves activity (thick arrows). Flattened, slower and 
dysrhythmic background activity (thin arrows).
Fig. 5. EEG recording in a 16 weeks Yorkshire terrier with congenital hydrocephalus. 
Rare and signiϐicant increasing in amplitude EEG wavescharacteristic for hypsarrhythmia (all chanels).
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ded in hydrocephalus. These ϐindings have been 
observed in our study, focal activity being recorded 
in all dogs with acute hydrocephalus. 
Focal slow activity in the EEG is considered to 
be induced by metabolic disturbances of adjacent 
neurons with or without organic brain lesion 
(Kiloh 1972). In children, slow wave focuses are 
considered by Saukkonen (1988) to emanate from 
the cerebral cortex. In this study focal slow activity 
was detected in 2 cases. 
Another EEG aspect presented in 2 hydro-
cephalic dogs from this study was focal attenuation 
(Fig.5). This ϐinding may be caused either by focal 
atrophy or disturbed blood supply due to raised 
intracranial pressure. 
Hypsarrhythmia, a highly disorganized and 
chaotic brain-wave patterns consisting of high 
amplitude and irregular waves and spikes was 
observed in one case (Fig. 6). Haginoya (1999) 
considered that this type of activity originates from 
cortical lesions and Burroughs (2014) observed 
that may be related to cognitive impairment.
In 4 cases with a severe hydrocephalus were 
noticed high amplitudes and low frequencies. These 
ϐindings are commonly found in hydrocephalic 
dogs, but can also be seen in other chronic 
encephalopathies that affect cortical parenchyma 
(Harrington 1996; Jaggy 2005). Also, Veggiotti 
(1998) that observed increased amplitudes in 
65% of hydrocephalic children, put these changes 
on account of cortical rearrangement in which the 
dipoles are positioned parallel to one another, and 
no longer in a radial pattern. According to their 
study, hydrocephalus that affect the structural 
organization of the cortex, causing cortical 
atrophy and thinning, provoke disruption of the 
organization of the pyramidal cells sufϐicient to 
interfere with the genesis of the electrical signal.
The percentage of cases with EEG interictal 
epileptiform discharges (66.67% of dogs had 
spikes, sharp waves, spikes and sharp waves 
complexes) was higher than those with clinical 
seizures (33.33% of dogs). Regarding that, we may 
assume that EEG abnormalities occur in an early 
stage (subclinical) of epilepsy. In time, a subclinical 
epileptic focus is able to become strong enough to 
determine clinical seizures. Because of that, EEG 
was very useful in establishing a therapy in order 
to keep quiet those brain areas responsible by the 
genesis of the epileptic discharges. 
Acknowledgment: This paper was published 
under the frame of European Social Fund, Human 
Resources Development Operational Programme 
2007-2013, project no. POSDRU/159/1.5/S/132765.
CONCLUSIONS
EEG is may be an useful exam in the assessment 
of brain bioelectrical activity since it allows to 
detect subclinical epileptic discharges. 
We conclude that in order to establish the 
prognosis, and to give a more speciϐic treatment, 
EEG must be a valuable exam in the assessment of 
the hydrocephalic patient. 
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